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(54) OPTICAL ELEMENT AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To lower the dependence of 
light on an incident angle and to obtain good optical 
characteristics by alternately laminating highrefractive 
index films and dielectric films formed of specific 
compsn. materials on the substrate surface of an optical 
element, thereby forming polarization beam splitting 
films. 

SOLUTION: The polarization beam splitting films 4 are 
formed by alternately laminating the high-refractive 
index films consisting of the material Si1-a-Xa in which 
the compsn. (a) to silicon Si of X is 0.05<a<0.35 when X 
is defined as at least one material of oxygen O and 
carbon C and the dielectric films on the substrate 
surface of the optical element. As a result, the refractive 
index (n) is increased and the absorption coefft. is 
lowered and, therefore, the dependence of the incident 
angle on the angle is lessened and the variation in the 
characteristics of the high-refractive index film layers is 
suppressed. The phase difference between P polarized 

light and S polarized light is lessened as well. The optical element is provided with reflection 
films 6 alternately laminated with the dielectric films having the lower refractive index than the 
refractive index of the high-refractive index films, by which the absorption coefft is made 
smaller while the high refractive index (n) is maintained. The reflectivity is thus increased and 
the dependence on the angle is further improved. 
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v^ft £ k Sr^HSk-tft «><0T*S . 
[0039] £<oj: a fcUJfcfrttte J:*U* . *-/v*m 
oft£ktcJ; 9, »***^Silll*«»«ffiTfWf 
ft£k#t-£ft. 

[0040] *fe*K«W*JB8l3«<0iWBtcJ:*i.tf. 

its* i xtt 2Ka«KBff*i8**we ! ) 6 « : F<o«Bi 

a-^cOrt^-:fc< k i> 1 ao^xSH^t-lTO £ k * 

«Hak-rftt>wT*>ft. 

[004 1] £WJ: a ^rlBtfrftfc: J:*i«, Bv^fflSf* 
n *fttt Lfc* * , «lRfl»k * < t- ft £ k *«t'# 
ft. 

[0042] *fc*BWilM5B9l3tt<0fHBfc ifttf. 

M^. KS't'TsaaBii'fttcigL. f^ajajST^'2 5 

CCSTS4 5 O^ffiHTiTO £kSr^k-f ftt)<?) 
Tft ft. 

[0043] i^*^^ff*JB i onm^mizxix 
«$\ H*JS2Sa<ORStlR€:^tf3^R^^S!B§*^"C 

L, «WHil«T**2 5 0°CSTS4 5 OX:<0«SHTtr 
d £ k Sr#1Sk-rft t cOTftft . 

[0044] at#a 9 , i onm&miz xm* , ^« 
K^^iR^iciiiiaiaseH-c^ka-rft £ k t\ *atff 

^<0«RiR^S:fiJi-C ^ ft . 
[0045] 4^*BB^I«*JH 1 1 ffitoaJWHckft 

iiffl^B&^tTEa^t'ftftft'Wk, «wawtr<!o»i 

«s)Kk*^£lc«®fC^KtJtffi3tt'-Axr'J -y h 
R k , B«IBii#^^ 1 <0«fliS k 2 ^fS^ffi 

s^k-tfttWT'ftft. 

[0046] 4fe*W<0M*« 1 2aB»0»nBt ±^ 

sr. w*ji i na«w«3tt'-Axr'j 7 b^kEit^ 

>f 3j-yt'-AS:»K®tcBSWtt>f^>-SraA-fft£k 
Sr^HStk-tfttcO-Cftft. 



1 
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[00473 *iz*mm$x i stm^mzxtt 

<?>rm#Hz, CH 3 . NH 3 . H 2 <X T)Vn-)Voy}? 
Xhh. 

C0O483 ttz^mmmim i AW&vy&mz <tn 

t **tri^^ <Z>Wi#i£"r*> -> X . tftE*JBffi 
[00493 i7t*K<7)ll*JS 1 5£»*>*WiK J:*- 

t i^we^m^M^umx'h -> x , m B^eff $k 

cO#lSSr. H 2 7^3-W^<i:ill^ 

[00 503 *3t*»<om*Ja 1 6E»<?)«BHC 
If, W^l 1 W^fiHHcfc^T. ffflflBfctf-A* 

k#\ nS2. 8, kSO. 2-C£>9, HUfBR*tl^-*> 

8, kso. 2?t>bz.b*W&b'tti><ryct>?>. 

[00 5 13 

[00 523 ( 5Ufc<Offi8S 1 ) ^llSfecOff^^^*^ 

«i3 0 0"C. ?i]jtft£J&5 x 1 0" 6 Torr IUTt tfe. 
Si OffiS#r¥IRMU Cu M-^+lCAofcSi fc. 

^tfuw^fetifc. fteifcfflia t-m, a 1 2 o 3 . 

Si0 2 . Y 2 0 3 MTTi0 2 R*fHVi£]P« ±iak 

[00533 *ffl*f*i»ofaiftwf*vr^ni» 
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fc tHltfflV^. J«»SKtt3 X 1 0" 6 Tor 
r X\ -<*VW3S&%.0. 5m A/cm 2 . filfiS1IH:2 

[0 0 54 3 «®lfr*K<Ai£ffll(i. W»tCH 3 . N 
h 3 . h 2 o, T>V3-}WJ?%<ki>me>#A*1- 

* >> wizmx u r 9 a a Mz-ftmmft 

&fcCH 8 . nh 3 . h 2 o. r^n-.n^SK 

hi, 1 5 X 10- 4 Torr »B]*tflr^ 

I^CiAtfc. H 2 0{i*H^t=^tUTf-^y^l*l 

■-(fcLTttfflW:. *L^n>fMc2 0 0W<oiW3ftfc** 

[00553 >J-V*y$rfflV^fi!cKi:{i. Wkti^ZXV 
l Owt%?ft-^t^"x2:fflV^t>cO-C > $>2.. 5tV 

V<0jSKa**rtlrt*4. SHatffiKUl x 1 0- B Torr 
. «raii5xl 0- 6 Torr Tfi^fc. 

l *EBmmmt,z£r>mmit&LmLtz» 
[00563 m^mmmvf-^m. jt-vx^ 

x»J TV* h 'J -MeilSfcttffl tTfif ofc. P - 

t*lttfeW^®WiS3tt*-AX7-'J 7 MSB S tRStW 

[00573 *4fi. *HJSo»©^te*t'-Axr 'J 
■y MgBStfO-SI52rfSB£-r?.Sa*r^ffi^OffiJSt3t*# 

3W6rtfet?»fe*tfc*a#f*»Si -X a Offi^l- 
a, at. SS^80 nmWW, *MJlfflW%**»- 
TV^S. fit, XfiiSSt S*. M«^^ : 5r<fci'- 

[^4 3 
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at* 

1 -a 


a 


n 


mm 

k 


3t fm«fc 


Sii- 




0.95 


0.05 


3.6 


0.020 








0,82 


0. 18 


2.9 


0.010 








0.65 


0.35 


2.8 


0.006 




Sii. 




0.91 


0.09 


3.3 


0. 019 
















(Nt ifX> 






0.88 


0.17 


3.L 


0.018 




Sii 


-.-C. 


0.94 


0.06 


3.3 


0.020 
















(CH a 1fX> 






0. 88 


0.12 


2.8 


0.018 
















(CHa HXi 


Sii 




•N) . 














0. 81 


a 19 


3.0 


0.020 








(fflUhO. l.N:0.09) 




(Hi (X N* ifX) 






0.92 


0. 08 


3.3 


0.021 








({&U):0.04,N:0.Q4) 




(Hi 0> N 4 ifX) 



JB*f* , c* *> . *»o»KflaK k «> o . 02 urre* * . 

ft, «*Sr*AL&H»£*is ntt3. 5, k{±0. 0 
4Ja±kiS. Si OR*, 

Si fcK-7°$ft*7t*XOfflj£a{i. 0. 0 5=£aS 
0. 3 5««Hrtfc**£fcfc«afc , *4. ffl&a** 
0. 0 SJO'Jvgui:* ■kOttWii'JAWWfc^rO.- 

s < &* t . amnwiiffltT-r***. Hef*«» 2 . 8 x 

[0 0 59] ;;t. Si -O. liTt^rXf 



4. Si tokralS^*9Wil»fctt^T*>*. 

-N a . Si -C, Si j- a — ( O ■ N ) a tCO 

[ 0 0 6 0 ] ft 5 *^«JB»«9RftratR<9±5?» 

8 0nmWliTf- «JKflafc&*w$ivO*4. fit. 

TJ>*. 
[«5] 
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1 -b 


b 


n 


k 




Sii-b- 




0.94 


0.06 


3.4 


0.012 








0.84 


0.16 


3.3 


0.006 




Sii-b 


-Nb 


0. 91 


0.09 


3.4 


0.020 








0.83 


0.17 


3.2 


0.018 




Si,-> 


-c 


0.94 


0.06 


3.5 


0.020 








0.88 


0. 12 


3.3 


O.020 






- (0 


-N) * 














0.70 


0.30 


ao 


O.020 








({abO:0.2,N:O.D 










0.92 


0.08 


3.4 


0.021 


-XyX^mi 






OaU):0.04,N:0.04) 







Jt(i. 0. 05SbSO. 3 50)$mftl l zhZ>Z\t*1fi 
0. 3 5j;0*^<^$t. SRiR^iScJiteT^^, ® 



*rt4 


Si 


0 




m 

n 


mm 

k 


n 


k 


Si-0 


0.95 


0.05 


2 5 0 


3.5 


0. 040 


3.5 


0. 02 




0.90 


0.10 


3 0.0 


3.4 


0. 0S8 


3.4 


0.019 




0.93 


0.07 


4 5 0 


3.3 


0. 030 


3.3 


O.015 




0.95 


0. 05 


5 0 0 


3.4 


0.037 


3.3 


0.007 




0. 92 


0.08 


2 0 0 


3.2 


0. 025 


3.2 


0.023 




0. 95 


0. 05 


5 4 0 


3.5 


0.041 


2.7 


0. 001 



Mb LX$ltpizmsmfcl£2 0 O'Cc^Mi^-ttK 2 O 
O"C'C«i«UKfl»*/h$<'*-iii:J± , C&'0rV^. 5 00 

[oo62] ^<Qm&mv»t>ti&mmmmt > 



A 1 2 0 3 . S i 0 2 . Y 2 0 3 RtfTi0 2 
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mm 


Biff* 




mm 


n = 1 . 6 3 5 


— 


n 


k 




A 1 2 0 S 


3 5 4 n m 






% 2M 


S i -0 


3 0 nm 


3. 4 


0.012 


% 3JI 


T i 0* 


1 2 7 nm 






^4® 


S i -0 


3 0 nm 


3. 4 


0.012 




T i 0* 


1 2 7 nm 






»61 


S i -0 


3 0 nm 


3. 4 


0.012 


^ 7M 


T i 0 2 


1 2 7 nm 






^81 


S i -0 


3 0 nm 


3. 4 


0.013 




T i 0 2 


1 2 7 nm 






* l ojf 


S i -0 


3 0 nm 


3. 4 


0.012 


mi in 


T i 0 2 


t 2 7 nm 






$1 21 


S i -0 


3 0 nm 


3. 4 


0. 0 12 


$1 3i 


T i O2 


1 2 7 nm 






$1 41 


S i -0 


3 0 nm 


3. 4 


0.013 


$1 511 


T i 0 2 


1 2 7 nm 






^1 61 


S i -0 


3 0 nm 


3. 4 


0.013 


% 1 7g 


T i 0 2 


1 2 7 nm 






m i 8i 


Si-0 


3 0 nm 


3. 4 


0.014 


^ 1 9 IS 


T i 02 


1 2 7 nm 






3S2 OP 


S i -0 


3 0 nm 


3. 5 


0.013 


%1 1 H 


T i O2 


1 2 7 nm 






S&2 211 


S i -0 


3 0 nm 


3. 5 


0.012 


^ 2 3» 


Alt Oi 


3 5 4 nm 






sts 


n = 1 . 6 3 5 









i -OfcLTSi i-.-O, =Si 0 . 9 5 O 0 . 06 £fflV\ 
iHH^iOJBSf^kiWRfiR*****^*;:. Si - 
O<75JBtJ££3 0nmfcLfc. *J: 0 2MMfrt> 2 2Jg@ 
tX\ JS#f*n#3. 4~3. 5X'&'0. Vt&M<7)i$k8 
TJi. n#3. 0-3. eX'ht^zMlX^MlX^^ 

ft i k . * fc«*w*>* 3 Tn«yRffi«t k a* o . 

020—0. 04 0"C*£><7)£ttU &$m<r>mm<7)W. 



!R^k(iO. 0 12 — 0. 0 14fc/h£<. LA>£>£ 

coo63] ( mmmm 2 > &fc+^«o#atoo}B» 

ft. 0Hi*SHficD«JB<O3tt.y^r-yTO-a5t'$)ft 

«^7- y x Ao»M"CS> ft . * Km 2 - 5 Kuwfcr y 
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[ 0 0 6 4 ] m 1 twTjcf J; a [Z. fil^T U X.M±, 

fr l) XA 1 i; . Hft y U X^, 7 , 8tl,ZX 0 

5° tc*vh$n^20<7)MHS:*t. ;»ryXAl 
*««i-6«H20JB*f*nai. 63 5T'$>&. 31 



*i ■ 

% 2JS 

3)1 

£4J§ 
S&5J1 

^ 7 IS 
£8Jf 

Kl ol 
W8. 



a8lcfcV>TS i -O(iSi 0>96 O 0 . 06 £^U Z&m 
Sf*n«i3. 6.«Cfl»kttO. 02fti>„ 
[0065] |al-cDffi!jtf 2[*lT-&-5T$ffi3 t^ff&M 

^5t5^«J:d^lSffiSf^Ki:tTSii- k -X b (Xli 

mm. mm. 9m<om^< ti>-nfrt>%&WK) , 



^rux-MUt**. w*>mm. mm. smwmn 

Xt±2aW_hc07C*5:-^^S i frk&itot . A 1 2 
0 3 , S i 0 2 . Y 2 0 3 &t>'T i O 2 mo£ otcfflk 



mm 



3 9 0 nm 
2 5 nm 
3 2 4 nm 
2 5 n m 
3 9 0 nm 
1 8 6 nm 
1 6 6 nm 
1 8 6 nm 
1 0 I nm 
1 8 6 n m 



fflR**0. 0 5SbS0. 3 5TS>&mt. ffittttfcfi 
ffilftmX'b&A 1 2 0 3 MfT i O z BttfOi 

7. *9; &l0tc*Sft*J:dfc2 3JBO!WMrca 
[*9] 



Ali O » 
S i -O 
A 1 i Os 
Si -0 
Ah O, 
S i O a 
Y* Os 
S i 0 2 
Y 2 Oa 
S i 0 2 
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mm 




n= 1 . 6 3 5 


— 


nsim 


A 1 2 Os 


2 9 5 nm 




S i -N 


6 0 nm 


msm 


T i 0 2 


1 0 6 nm 


^41 


S i - N 


6 0 nm 


$51 


T i 0* 


1 0 6 nm 


^6H 


S i -N 


6 0 nm 


$7® 


T i 0 2 


1 0 6 nm 


&8!g 


S i -N 


6 0 nm 


&9M 


T i 0 2 


1 0 6 nm 


» l o IB 


S i -N 


6 0 nm 


$1 11 


T i 0 2 


1 0 6 nm 


mi 2m 


S i -N 


6 0 nm 


m 1 3i 


T i O2 


1 0 6 nm 


$ 1 4H 


S i -N 


6 0 nm 


»1 5|g 


T i 0* 


1 0 6 nm 


mi 6B 


S i -N 


6 0 nm 


& 1 7lg 


T i 0 2 


1 0 6 nm 


15 1 sm 


S i -N 


6 0 n m 


*1 91 


T i O2 


1 0 6 nm 


12 Oi 


S i -N 


6 0 nm 


12 li 


T i O2 


1 0 6 nm 


S&2 2ffi 


S i -N 


6 0 nm 


$231 


A 1 2 0 j 


2 9 5 nm 




n = 1 . 6 3 5 





*9te*JVvCSi-N»iSi 0 . 91 N,., 9 S:jSU *«0H [*10] 
iff* n 143. 4. fMKffJRkttO. 0 2i:f6. 
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mm 




n= 1 . 6 3 5 


— 


0 1 JB 


A 1 2 0 S 


3 5 4 nm 


02JI 


S i -C 


6 0 nm 


mzm 


Ti 0 2 


1 2 7 nm 




Si-C 


6 0 nm 




T i 0 2 


1 2 7 nm 


06® ! 


S i -C 


6 0 nm 




T i 0 2 


1 2 7 nm 




S i -C 


6 0 nm 


0911 


T i 0 2 


1 2 7 nm 


$1 01 


Si-C 


6 0 nm 


$1 11 


T i 0 2 


1 2 7 nm 


0 1 2® 


Si-C 


6 0 nm 


0 1 3 Jg 


T i 0 2 


1 2 7 nm 


0 1 4i 


Si-C 


6 0 nm 


01 5B 


T i 0 2 


1 2 7 n m 


mi 6H 


Si-C 


6 0 nm 


01 7B 


T i 0 2 


1 2 7 nm 


31 1 8 If 


Si-C 


6 0 nm 


01 96 


T i 0 2 


1 2 7 nm 


02 OB 


Si-C 


6 0 nm 


02 1 11 


T i 0 2 


1 2 7 nm 


02 2W 


Si-C 


6 0 nm 


0 2 3 ff 


AU 0, 


3 5 4 nm 




n = 1 . 6 3 5 





m.1 OtetJWrS i -CtiSLo.gg C 0 ,i 2 £S;U *<T> 
B*T^nt±3. 3„ l&JD«kt±0. 02tn. 
[0066] WH2<0-*<0M-MlcJ±«*^-A^7 , U 

issm±mm e & ft Lx=n ? v xz, 8 wv&ztix v » 
u -x Mgucfcwt, znmmnp- s&fflnoASt 
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[0067] 02. 03. m^T^ht^XdlZ. ^1 

-+10' X'foh. ±timtf&6<7)P- 
SftffiiKi. 5 0* ~+ 5 0- Tfo&Mz 

*f t . *HJ6co^»-C-<i0 3 feSrf J: o lz - 4 ' — + 5 

simmt. n^mxa- so- ~+ 5 0° m±vh^ 
ttK %mm<r>Bm.xnm4 izmi-x oiz+2- — + 1 

6' fc£>5. P-S{MII£*^WBtf£T"#*:. Srfc. 

[00681 £0 * d tc&0ft{4#8fi#m*l&?> 
h^KZmWiXfo&Ztt.zWm-h. it 9. iSmtMK 

bl mmfcmiift<?>A&mmz£~>x&mmi:b'<?)j>(& 

5£tt>o, mm*RMimz&M.iz®g.Lx%e>x 
[0069] a±.<7)mmmmxii. %.%&&s&x*te 

K*. Msg. &*W|*l4«5r< i: fc-o<Z)Mt£-£ 

ftMl*. ft^T^^&ffiBfcb'-AXrU -y MRRtf 

[0070] 05t2^8K^£«)rt«Lfc«ftt' 
-AXr'J >y MR4£fcUT. R9f3frOP- SfiEfflHO 

TJNfctfcfctt fc^lTCii** . - - n # 

3.5, k#0. 0 4W*^Srfi!*CTkLT^am' 
fret, «*t«f{±7JH«*4 0~5 0- TfflfflH* t -2 
~6° "CfcofcOfcHU *WMW)»!B"Cli, *8<7)# 

2 ~-+ 9' tK#$^T^So 

[007 13 H6. 07{i«9, m on&mm 
x'ffitftLtzKMm6Mmx'<vmimnA%ffim:&£^ 

^T'«^KI.«atlf**(±Si 0 .9 1 N 0 . 09 (n=3. 
4, k = 0. 0 2 0) ll7tfcV^Tt>. t£##J 

zzjmmw-mw.x'^ l , *$jfe*>ftflB*$tft& 
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,.1, (n=3. 3, k = 0. 02) T*4. 
[ 0 0 7 2 ] 06 > 9 P&cDRWRp #\ fl!*0dT»t=: 
^Wi-C*i-±atc8 7~9 2%T«)->fc<0fc*fL. * 
**<0JKB"r»iaa»T^f J: 3fcP»tf)R9tRp **9 3 
—96%t%^X^&. 4fcSife«9R3tRs lis fl63RW 
ti±-,^istif± a C 9 6 XSKT* -> 3fe*», 
wumn Sj^cOSItRs liS&HTijvr * 5 t= 9 8 % k 
Sr-aT^i. 4*:07t::i5Vvti>, RpA<96%, Rs 
*«9 5%h^:ili^l*l±t'C^I) <> £<7>J;^tc:^. S 
*, i^<0iW:<i:i-S£-£OSi KfcBLT^* 
fcftfc. HMB*f*ni:ffiftlRflakk3&«»feix, 

[0 07 3] 4fc» I*t'-AXT'J >y MtfcHWtLT 

Sr-^tfSi ^JB#f*n2U*«yRtt»kli, 02~~4T 

^•t j; o t . p - sffiamcDAttftmitmmz 
wM*$-i- h . m& l !t J: o izmmvr^mcommm n « 

tf=5:^ti, nS2. 8, kSO. 2 "C* £ £ £ #*F4 1 

[0074] m±C0HJt<7)®«lCfc^-C{±. 1iW2<7)ffl 
#lft«S:B&4 5 * t L^A { . «»ft**«3 5 • ~5 5 • 

ia-rst. mnizWoKffltv>p-stimmffi.tR 
[ o o 7 5 ] =2rfe , *wM<ommnBm<7y7 oxj**. 

08. H9-T^L£ft^y?T-yTrtlc|£«U P-S 
[0076] 

iwmnm vihcoxoiz^wM^mm^mx'^L 

#^k^/jN$<-n»£ i: 36^*6. £<?)t* , >. £ix^<^> 

-atdOAWA^t'-^WftiCfcJ: Ott'^ov^t i . Pll 
»fe*L&. £Ofcft, 3tlK^T ^ X^cOlSlgSrffl^T'J 

[0077] SC, KfflW^M^oiBUKflaR^i 0** < 
fc&rttf), !f-3t*«jfttaflBlSb*-AAr U -y h 

R9tK^R^* < *<^'&£k* ? ^^« £«0fc*Wfctfc 
[0078] 4fc#&HH«0lGft^"Cli. 
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Ml*. 

[01 ] *^oHSfe^Hltfcftl»3K^* r PSrt8^ 

s r y XM.<rMmwvh h . 

[02 ] *^S<omss i wiiitnt'-^xri) 7 MRtctj 
s. 

[03] *Xlfc*>JMl 1 WKWIfc , P - S fiffl 
[04 ] *HSS^®<7)«^f-Axr U y hPkRIhf 

[05 ] *ISSt<0^ffi2<?)i8l6lt'-AXrU y l-BtlcS 
k vC, P - SfifflMcOA*ffl«^tt^*-r#l40rS) 

[063 *XftO&JR 2 OKMUfcfc^T , P - S fifffl 
II^AIf^te#1±£^ ! t*tt0"C'S>& . 
[07] 3KafcO«W2<ORWI«fc:*JV^. Rtt^WA 



[08 ] fflM9&*fBMtifitt*1Stt%K -v 9 T 

[09] f»«ju*«wfc»ie**f t*tr*e * * r 

[010] flE*M03t^*^-fc:*JV^"r . P - SfiHB£<o 

A»#«&#tt£*-$" ! tttt0"e$> & . 
i r>jXA 

8 HftT'JXA 



2 
3, 
4 
6 
7 

81 

82 

8 3 U— f-?4*-V 
8 4-86 ittmmT 
84a— 84f , 85a-85f 

8 7 

8 8 *o^7A0f)ftg^ 

8 9 flJ36ryX^ 

90 ryx^saefc^ 

9 1 mnv>x 

9 2 3tfi^fe»i«* 



8 6 a, 86 b 7 



[01] 



[02] 



4 8 1 5 6 




4 • 
6 



— ffl*h*-A7^!) •* MS 





5 0 5 S 



50 5 5 

A&ftJK (deg) 



[09] 



84 d 85 d 86 
84 « 83, 8 5 a i 90 




8 4 e 



8 5 e 8 5c 
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[03] 



[05] 




5 0 6 6 



n-3.4. k-0. 02 



5 0 5 5 

A#fc£ (deg) 
n-9.4, k-0. 04 
n = 8. 6. k-0. 02 



[136] 



RAW {%} 
ioo- 




100- 



5 0 55 
AltftK (deg) 
Rp (n = 3.5. k = 0.04) 
Ra (n-3.5. k-0.04) 
Rp <n-3. 4 r k-0. 0 2) 
R b <n = 3. 4. k-0. 02) 



3 5 



[07] 




40 



4 5 



5 0 5 5 

Rp (n = 3.5. k = 0.04) 
Ra (n-3. 5, k-0.04) 
Rp <n = 3.3, k = 0.02) 
Ret (o = 3.4. k = 0.02) 
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[08] [010] 
y. 9 2 P-SttffiS (deg) 




(72) mm mg *S£ 



